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Abstract. Most often, in nominating promising genitors for apple breeding programs, their performance stability 
stands as a major criterion. This means that an increase in speed, accessibility and accuracy of performance 
stability evaluation will translate into more efficient crossing programs in apple. Five apple cultivars, widely 
grown in Transylvania (Golden Delicious, Jonathan, Starkrimson, Idared, Florina) were analyzed in five 
commercial orchards located in areas with obvious different environments, during 2004 and 2005. Fruit yield as 
well as tree (height, crown diameter) and fruit (weight, size) characters were registered, the resulting data being 
evaluated by means of HUHN (1990a and 1990b) nonparametric stability indices: Si(1) = mean of the absolute 
rank differences of a genotype over  environments and Si(2) = variance among the ranks over environments. For a 
genotype with maximum stability Si(1) = 0 and Si(2) = 0. The results obtained show that there is a fairly good 
correspondence between the two stability indices at the phenotypic level not only for fruit yield but also for fruit 
characters.  It has to be emphasized the fact that the highest stability of fruit yield was found in Florina (Si(1) = 
1.60 and Si(2) = 2.0) which is the only domestic variety tested in this experiment and, quite expectedly, best 
adapted to the studied environments. On the contrary, for fruit weight the highest stability indices were obtained 
with Jonathan, in 2004 (Si(1) = 1.70 and Si(2) = 0.800)  and Florina and Jonathan in 2005,  and the lowest with 
Idared (Si(1) = 2.3-3.2 in 2004 and 2.8-2.9in 2005) and Starkrimson ( Si(2) = 4.6-5,2 in 2005). Based on these 
results it could be stated that Huhn’s indices of stability seem to be a rather appropriate approach to achieving  




  In all  breeding programs and in commercial farms, the stability of yield and other 
quantitative characters is a sound premise for high performances of a cultivar both in different 
years and locations. Several parametric methods for estimating phenotypic stability have been 
developed and used for rather a long time  by breeders and farmers. The proper use of these 
methods is based on the assumption  that the measurements of a  quantitative character under 
study have a normal distribution and a rather high homogeneity of variances. Such 
prerequisite conditions are not always fulfilled in field trials performed in different years and 
locations due to a rather random influence of genotype x environment interaction upon the 
phenotypic expression of the character under study. Consequently, several nonparametric 
methods of estimating phenotypic stability of a quantitative character have been developed 
lately, most of them being detailed, with numerical examples, by HASSARD (1991). 
In apples, the stability of yield and other quantitative traits which affect the 
commercial or/and processing qualities of fruits is of utmost importance both for breeding and 
production. The nonparametric measures for stability, based on ranks, which  do not assume a 
normal distribution of the phenotypic values, are especially fit for apple trials in which quite 
often  the possibility of measurement errors is rather high. Therefore, in the presented paper, a 
nonparametric method , proposed by NASSAR and HUHN (1987),  was used for estimating 
the stability of fruit yield and fruit mean  weight in apple . 
 
MATERIAL AND METHOD 
 
Five apple varieties, widely grown in the commercial farms of Transylvania (Golden 
Delicious, Jonathan, Starkrimson, Idared, Florina) were studied for two years (2004-2005) in 
intensive (666 trees/ha) commercial orchards of five locations  (Cluj-Napoca, Cluj County;  
Reghin, Mureş County; Mihăieşti, BistriŃa-Năsăud County; Timişoara, Banat County  and 
Seini, Maramureş County) characterized by obviously different environments. Observations 
were conducted on the same number of trees (18) from each variety, in all years and locations. 
Three replications were formed in each location with six trees/plot, resulting an 
experimental design in randomized blocks. The data on fruit yield and fruit mean weight were 
harvested from four trees of each plot, yield /plot being converted to yield/ha. Instead of raw 
data obtained from field observation, for ranking the studied genotypes over the environments 
adjusted data were preferred, as suggested by KAYA and TANER (2003). The ranking was 
done in each location separately, based on the means each experimental year and consisted in  
conferring  the rank 5 to the  variety which  showed the highest adjusted yield and the rank 1 
to that with the poorest adjusted yield. A genotype was considered stable over the studied 
environments if its ranks were similar in all environments, maximum stability being attained 
by the variety with equal ranks in all environments. The same procedure was followed with 
the fruit weight. 
Two rank stability indices , proposed by NASSAR and HÜHN (1987), were 
computed, )1(iS  being the statistic measure of the mean absolute rank difference of a genotype 





are measures of stability computed on the basis )1(iS and 
)2(
iS ,  which  are supposed to show a 
normal distribution allowing the computation of χ2( )1(iZ )2(iZ ) and χ2sum )1(iZ , )2(iZ . 
 Corrected data were used both for fruit yield and fruit mean weight to avoid the 
ambiguity which the genotypic differences among cultivars might have induced in the actual 






iZ  as well as for correcting 
the actual field data are given by NASSAR and HÜHN (1987),  HUEHN (1990 a; 1990 b). 
 
RESULTS AND DISCUSSION 
 
Data in table 1 show the statistics of stability for the mean yield of fruit in 2004 and 
2005.  The first part of the table allows an examination of the ranking of genotypes in each 
environment and in each of the two years of testing. It is quite obvious that 2004 was an 
unfavorable year for apples while 2005 could be considered as a normal one. In spite of the 
great differences in mean yield of the two years, the ranking of mean yields of the five tested 
cultivars was rather similar, i.e. in both years the poorest stability of mean fruit yield was 
found in cultivars belonging to Delicious group , while the highest yield stability was  found 
in Florina and Idared (2004) and Golden Delicious (2005). 
From the second part of the table one may look for the stability differences among 






Z = 20.11  which is higher than 11.07 (the critical 






Z = 5.146, less than 11.07. This means that there are 
significant differences in rank stability among the five genotypes grown in five environments 












Z = 5.146 both values being 
well beyond 11.07 meaning that in a favorable year no significant differences in rank stability 






Estimation and nonparametric test of stability of fruit yield (t/ha) 
for five apple cultivars across five environments. 
 































Florina  10.56 2.167 1.60 1.957 2.035 0.001 18.21 2.667 1.45 0.703 1.813 0.106 
Golden Del. 11.00 2.500 1.90 2.143 2.313 0.055 14.42 2.833 1.70 0.312 2.639 0.998 
Idared 9.99 2.167 1.70 0.238 1.035 0.526 19.10 2.500 1.65 0.078 2.868 0.486 
Jonathan 12.41 2.667 2.20 8.571 4.556 3.664 22.77 2.167 1.85 1.953 2.534 3.176 
Starkrimson 14.10 3.000 2.15 7.202 3.250 0.881 26.27 2.333 1.75 0.703 5.250 0.096 
Sum 
   20.111  5.146    3.750  4.863 
 
            
              Test statistics 








 1.6 2.0 0.042 1.773 13.32  22.41 1.6 2.0 0.022 2.886 5.25 4.48 
                                            Grand mean total =  11.61                     Grand mean total = 20.15 
 
On inspecting the individual Z values it vas found that , in both years, only Jonathan was  
relatively unstable to the others since it showed high Z values compared with the critical value χ2 
o.o1;1 =  
6.62. 
The statistics of stability for the mean weight of fruit, in 2004 and 2005, are presented 
in table 2.  There are pretty good similarities between the way the fruit weight of the five 
tested cultivars ranked across the five environments in the two experimental years. In both 
years (one favorable and one unfavorable) the highest stability of fruit weight was found in 













Z = 41.898, in 2005, both values being well above 
the critical χ2 0.05;5 = 11.07). On inspecting the individual Z values, there is found that only 
in 2005 the tested cultivars tended to be significantly unstable to each other as far as their 
ranking on the basis of mean fruit weight was concerned. These data suggest that, in apple, 
the fruit yield and its components do not react identically to the genotype x environment 
influences, fruit yield being more stable than fruit weight. 
Data as those analyzed above are of real value since they could offer the opportunity 
to choose genitors with high levels of stability both for fruit yield and other quantitative 
charactersof interest in apple breeding programs. It is assumed that such genitors might 
transmit to offsprings the genetic basis of this stability. 
 
Table 2 
Estimation and nonparametric test of stability of mean weight of fruit (g) 
for five apple cultivars across five environments. 
 































Florina  97.15 3.0 1.75 0.268 4.000 2.174 143.33 3.6 2.6 1.917 1.813 0.021 
Golden Del. 72.27 3.2 2.30 5.833 1.200 0.348 123.12 3.0 4.2 11.979 2.639 0.239 
Idared 130.13 3.8 2.30 5.833 3.200 0.783 166.81 2.8 4.2 11.979 2.868 0.441 
Jonathan 82.37 2.6 1.70 0.119 0.800 0.783 118.84 2.6 3.9 0.075 2.534 0.167 
Starkrimson 112.55 2.4 1.95 1.458 1.800 0.022 132.33 3.0 4.6 15.948 5.250 6.181 
Sum 
   13.512  4.109    41.898  7.048 
 
            
             Test statistics 








 1.60 2.00 0.084 1.84 19.2  22.8 1.60 2.00 0.564 1.709 8.21 17.42 




1. The nonparametric stability tests proposed by NASSAR and HÜHN (1987) proved to be an 
accurate tool in revealing the variance of the  main quantitative characters in apples (i.e. fruit 
yield and fruit weight).  
2. Generally, in favorable years, the differences in rank stability of fruit yield among the 
tested apple cultivars proved nonsignificant while in unfavorable years these differences were 
significant. 
3. The discussed results suggest that, in apple, the fruit yield and its components do not react 
identically to the genotype x environment influences, fruit yield being more stable than fruit 
weight. 
4. Data as those analyzed above are of real value since they could offer the opportunity to 
choose genitors with high levels of stability both for fruit yield and other quantitative 
characters of interest in apple breeding programs. It is assumed that such genitors might 
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